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by  Catalase,  at  25°C  (with  Molar  Extinction 
Coefficients  of  H2O2  Solutions  in  the  UV)1 
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TJioroiOnnalyticnl  methods  nro  becoming  increasingly  significant  n§  rc- 
scarch  tools  in  biochemistry  (1-3).  Tiio  heat  of  renction  is  generally  a 
vary  specific  indication  of  the  extent  of  renction,  Ilent  measurements  are 
of  particular  advantage  for  tlicso  systems  in  which  spectrophotomotrio 
techniques  nro  complicated  by  absorhnnee  or  light  scattering  of  the 
sample. 

Reported  here  the  A//  value  for  the  decomposition  of  HA  solu¬ 
tions  by  cntnlnso  (EG  1.11.1.6)  at  25°C  nnd  the  molnr  extinction  coeffi¬ 
cients  of  HA  nt  the  wavelengths  240,  240,  235,  nnd  230  nm,  In  j)uro 
solutions,  peroxide  concentrations  can  bo  determined  directly  from  tho 
optical  nbsorbanco.  Solutions  containing  components  which  adsorb  light 
in  this  region,  however,  cannot  be  nssnyed  by  n  direct  spectrophotomctric 
approach.  In  this  case,  n  calorimetric  assay  based  on  tho  bent  of  decom¬ 
position  of  hydrogen  peroxide  is  useful.  Biochemical  reactions  that  either 
ulilizo  IIA  ns  substrates  or  produce  IIA  ns  n  reaction  product  can  then 
be  monitored  cnlorimotricnlly  in  direct  or  coupled  ronctions.  In  addition, 
oxygonntion  reactions  (4)  that  nro  concerned  with  the  effect  of  changing 
partial  pressures  of  03  can  bo  studied  in  n  closed  system  cnlorimctricnlly 
by  generating  oxygen  gas  in  situ  through  (ho  decomposition  of  IIA  with 
catalase.  Tho  enthalpy  change  associated  with  tho  decomposition  of 
I  LA,  onco  it  is  known,  can  then  bo  subtracted  from  tho  total  enthalpy 
change. 

MATERIAL  AND  METHODS 

Hydrogen  peroxide  solutions  (<-0,02.1/)  were  prepared  using  Mathc- 
son,  Coleman  it  Bell  30%  hydrogen  peroxide  solution  containing  0.05% 

1  From  tlio  Huromi  of  Medicine  mid  Surgery,  Navy  Department  Research  Subtnsk 
MROU^O'U.OMt.  The  opinions  and  statements  contained  heroin  nro  tho  privnto 
ones  of  the  willow  nnd  nro  not  to  bo  construed  ns  official  or  reflecting  the  views  of 
the  Navy  Department  or  of  tho  Naval  Servico  nt  Large. 
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sodium  pyrophosphate  its  .:§  preservative,  Solutions  were  prepared  in 
0.154  M  NdCi  solution,  Pioneer  Chemical,  ACS  reagent,  with  EDTA- 
disodium  salt  (6,0001  M)  MnIlluckrodt,A.5t.,  added  ns  a  Anal  peroxlda 
stabiliser.  vCatnlaso  (from  Aiipergillua  niger)  was  obtained  from,Colbio- 
cliem.  Solutions  of  this  enzyme  wero  prepared  in  the  concentration  lmg 
of  catalase  to  lOO  ml  of  the  NaCUEDTA  stock  solution, 

Concentrations  of  the  hydrogen  peroxide  Ablutions  were  initially  de¬ 
termined  by  titrntion. >wiifl  KMnO*,  Mnll’mckrodt,  A, R.,  which  was  Htnn- 
(ianiised  agninst  oxaliu  neid,  Titrisol  pre-stniidanU’ied  ampules,  %  Merck 
k  Co.  Optical  densities  of  the  H,Oa,  solutions  were' measured  at  246,  240, 
235,  and  230  nm  on  %  Heiss  mode]  PMQ  II  spectrophotometer,  Wave¬ 
length  calibration  of  tj/b  spectrophotometer  was  accomplished  using  two 
emission  lines  of  the  hydrogen  light  source.  A,  second  indopoudeptdetor- 
minntion  of  IIaO,  whs  porfarnicii-manomctncnlly  at  25’G  in  a  Warburg 
apparatus,  using  catalase  as  tbo  decomposition  catalyst  in  the  side  arm 
anib  measuring  tJie  prcs8i;ro  change  dub  to  tlie  evolved  oxygen.  The  total 
volume  of  the  Warburg  vessels  was  -~20  ml  with  a  3  ml  fluid  volume. 
Approximately  25  pinoles  JI,0*  were  decomposed  in  each  run  resulting  in’ 
pressure  cbnnges  of  roughly  170  mm  Brodio’s  solution.  The  final  catalase 
concentration  after  mixing  was  100  pg/3  ini.  The  extinction  coefficients 
determined  by  the  two  independent  methods  agreed  very  well  and  tlie 
values  obtained  by  both  methods  were  averaged. 

Calorimetric  measurements  were  performed  on  a  Beekmnn  JOOB  micro- 
calorimeter,  Beckman  Instruments  Inn.,  Palo  Alto,  California,  using 
standard  glass  vessels  with  two  drop  wells.  16  ml  of  catalase  solution, 
prepared  as  above,  wero  placed  in  tbo  Annular  spacer  of  the  reaction  ves¬ 
sel  and  a  precisely  metered  volume  (0.2-0.4  ml)  of  IIjO*  solution  was 
placed  in  the  drop  wells.  Peroxide  concentrations  were  calculated  using 
the  measured  absorbance  of  the  solution  at  a  wavelength  of  240  nm  with 
a  1  cm  optical  path  length  and  the  extinction  coefficient  reported  hero. 
Heat  of  dilution  measurements  wero  mndo  in  the  ahscueo  of  catalase  and 
subtracted  from  the  heat  values  observed  in  the  decomposition  runs.  Tbo 
calorimeter  was  calibrated  using  tlie  acid-base  neutralization  reaction 
NnOII  +  1ICI-*  NnCl  +  11,0  at  25°C.  The  enthalpy  value  13.37  ken!/ 
mole  was  assigned  to  this  reaction  at  Ibis  temperature.  Calibration  re¬ 
actions  involving  the  protonation  of  trist  hydroxymethyl)  ninlnomcthanc 
also  yielded  tbo  same  calibration  factor  for  tbo  calorimeter  within  the 
standard  deviation  of  the  standardization  runs. 

BEflUbTS 

A  value  of  0,0304  ±  0.002  emV/itnolo  was  obtained  for  the  extinction 
coefficient  of  11,0,  nl  240  nm.  This  value  Is  valid  «t  concentrations  0.02  M 
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and  below  and  is  within  tho  region  of  linearity  ns  indicated  by  dilution 
experiments.  The  isotonic  snllnc-EDTA  solution  was  used  as  a  spectro- 
photometric  blank  and  therefore  did  not  contribute  to  the  observed  ab* 
sc'bance.  The  possibility  that  the  sodium  pyrophosphate  contained  in  the 
original  JljOi  solution  might  contribute  to  thodihsorbnnco  at  246  nm  was 
investigated  and  found  to  bo  Insignificant,  in  the  concentration. ranges 
studied.  Values  for  the  absorption  coefficient  taken  {turn  the  literature 
(0.030  emV/unoltf  ami  0.£H3fl  ci(t,/f'Nioio)  exhibit  a  wide  variant  (6,6), 
Tbs  value  reported  here  is  roughly  the  mean  of  ihette  two  values.  The 
valdes  for  the  extinction  coefficients  at  the  four'  wavelengths  are: 

24;}  nm  -  0,0308  ±  0.0003 
240  writ  ~  0.0394  iO.0002 
236  nm  -  fr.OoOQ  ±  0.0006 
2SMfe*«ra£oo2i  ±  o.Qois 

^rff?mntJ^  !fe^tions'fepfeseni  Usacfronn  iz  titrations  and  Iff  maao« 
metric  measurements.  The  optical  dlwnfbtfftee  was  measured  at  the  &«* 
Wavelengths  for  each  independent  determination  of  concentration. 

The  value  for  the  A//  ef  decomposition  was  determined  to  lie 

HO  db  0.3  kcnl/mole 

for  tho  reaction 

ttUtkw 

HiOj  UU|j — —*  HiO  +  *i  Ui 

at  25*C  Since  the  reaction  vessel  In  which  the  decomposition  take?  place 
is  a  closed  vessel,  the  oxygen  gas  produced  in  tho  renetlon  cftti  cause  a 
pressure  change  In  the  vessel.  The  bent  change  In  ‘he  reaction  does  not 
then  reflect  Identically  the  All  of  the  reaction.  A  pressure  diartgo  of  1,4 
mm  Ifg,  calculated  from  the  millimoles  of  o,  produced  in  n  typical  de¬ 
composition  reaction  is  so  small,  however,  compared  with  atrnospherj.' 
pressure,  that  the  heat  eluu^s  observed  is  equal  within  the  standard  error 
of  tho  calorimetric  procedure  to  tho  All  of  the  reaction 

DJSVtrfKMOJf 

Tito  determinatin'!  of  brat  change  in  er.ivmie  rege**siw  Involving  hy- 
•It  igen  jieroxide  I*  rftcit  rfee  most  convenient  method  tor  observing  these 
reaction*  Tlifar-  mcaaurenw'nt  is  dependeu  only  upon  the  bent  of  the  re¬ 
action  which  product*  at  util; res  IMh  and  UjH>n  the  heat  of  dertmrpmuieu 
of  Hdh  by  catalase  r'ombinatton  of  rr.fa*ori*d  beat  values  w»?h  tht>  de¬ 
composition  etithalfy  rc*ivc»rft*«i  here  yield*  All  oluesi  for  chosen  rnrmic 
reaction*  involving  IMh  Heat  of  reaction  vnhv*  nm  ihn  1«?  ,-*laf»i  to 
change*  in  IMh  Hmemtrafion  using  the  All  value  f.,r  that  reaction 
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Examples  of  enzymic  reactions  amenable  to  such  treatment  inciuds 
those  utilizing  ff3Ui  its  substrate,  e.g.,  catalase  and  peroxidase,  thoso  pro¬ 
ducing  KiOj  as  a  product,  e  g,  glucose  oxidase,  xanthine  oxidase,  and 
amino  acid  oxidase,  and  those  Which  can  be  roupfed  to  reactions  which 
involve  HjOj  directly.  Reactions  which  are  directly  concerned  with  the 
metabolism  of  oxygen  can  be  studied  in  a  single  phase  by  producing  (h 
partial  pressures  in  the  liquid  phase  t  trough  ffio  decomposition  of  iUOJt 
add  by  then  monitoring  heat  effects  n*ioeinWl  with  the  consumption  of 
this  oxygen.  A  particular  example  of  the  latter  is  the  oxygenation  of 
hemoglobin  by  the  association  of  deox  hemoglobin  with  the  (tj  produced 
by  the  U-Oj  decomposition  rcaelion.  Hfudies  of  the  influence  of  various 
metabolites  on  the  enthalpy  of  oxygenation  of  deoxybemoglobin  arii 
underway  in  this  laboratory 

'flic  vaftie  for  the  ifl  of  deeoinposr  iott  ti  HAh  in  lioud  solution  iV4i». 
been  reported  hf  the  hicFutUrc  by  Fi-vemr  nreSspicrs  il-Wf  to  01 
*22-7  kcai  mole.  It  is  reported  to  bo  rather  insensitive  fi»  eancefitmtion 
and  temperature  changes  The  decomposition  of  Hd  h  by  catalase  at  very 
low  concentrations  has  not  been  studied,  however.  Reported  values  were 
determined  nt  much  higher  concentrations  and  coarselv  extaipdafcd  to 
dilute  solutions.  Differences  in  the  iff  values  reported  in  the  literflturo 
and  that  reported  here  are  not  particularly  surprising  since  the  values 
obtained  in  flic  literature  Were  determined  by  someWha?  indirect  method1*, 
and  flic  choice  of  catalyst  and  Ionic  strength  of  the  solution  are  quite 
different.  The  value  reported  here  is,  of  course,  more  applicable  to  bio¬ 
chemical  investigations  since  it  involve*  on  enzymic  decomposition  cata¬ 
lyst  and  a  physiological  ionic  strength. 

summary 

The  enthalpy  of  decomposition  of  hydrogen  peroxide  by  catalase  has 
been  determined  calorimefrieally  in  isotonic  saline  solutions  nt  ShTC 
Extinction  coefficient*  are  $d#o  reported  for  hydrogen  peroxide  solutions 
m  the  ultraviolet 
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